Introduction
The dairy industry depends on reproductive performance of their dairy cows in order to meet the growing demand products. According to the report of FAO, Butler, Royal et al., Moore and Thatcher [1] [2] [3] [4] , even if there has been dramatically increased milk production of dairy cows as a result of genetic selection and improved management of herds for the last decades, but their fertility or reproductive performance has decreased. The root cause of the declining performance and health of dairy is a combination of a variety of psychological and management factors that have an additive effect on reproductive efficiency. The lactation cycle is dependent on the cow's ability to become pregnant since the hormones released during and after pregnancy are necessary for the development of the mammary gland and increase production of milk and milk products [5] .
The genetic progress or selection for high milk production in dairy cattle has changed endocrine profiles of cows so that blood concentrations of bovine somatotropin and prolactin have increased; whereas insulin has decreased [6] . These hormonal changes and the increased nutrient demands for milk production has negative impact on reproduction of dairy cows [7] .
In particular, energy is the major nutrient required by adult cattle and imbalance energy intake has a detrimental impact on reproductive activity of dairy cows. Energy shortage during the growth period and in the pre-and postpartum period inhibits onset of estrus (increases percentage of anestrous cows) and reduces fertility in females, because during a Negative Energy Balance (NEB), growth and follicular maturation are inadequate, resulting in poor estrus manifestation and reduces the possibility for having a high percentage of cows that have initiated estrous cycles for further breeding [12, 13] .
The energy costs to synthesize and secrete hormones, to ovulate a follicle and sustain an early developing embryo are probably minimal compared to the energy required for maintenance and lactation. However, the metabolic and endocrine cues associated with NEB impair resumption of ovulatory cycles, oocyte and embryo quality and establishment and maintenance of pregnancy in dairy cattle [11] . These results, in considerable economic loss to the dairy industry due to slower uterine involution, reduced reproductive rate, prolonged inter-conception and calving interval, negative effect on fertility, increased cost of medication, drop in milk production, reduced calf crop and early depreciation of potentially useful cows [14] . Therefore with such background information, the objective of this seminar paper aimed to:-• Reviewing the role of energy balance on the reproductive performance of dairy cows while forwarding some nutritional management strategies which help to minimize NEB and the associated losses in reproductive performance of dairy cattle.
The Role of Energy Balance on Reproduction of Dairy Cows

Role of energy balance on reproduction and production
Nutrition has an important impact on the reproductive performance of dairy cattle and the relationship between reproduction and nutrition in cattle has been established with under-nutrition being the main hindering factor in bovine reproduction and production [15] . Nutrient requirements of dairy cattle vary with the stage of lactation and gestation. Nutritional status of the cow in the pre-and postpartum periods influences subsequent reproductive performance. In particular the energy and protein balance during the early lactation period are factors which are likely to be implicated in poor fertility of dairy cows. When dairy cattle do not have a healthy transition period, this may directly or indirectly (via NEB) reduce fertility performance [16] . Under nutrition or inadequate intake of nutrients relative to metabolic demands is a major factor contributing to prolonged postpartum anestrus, particularly among cows dependent upon natural forages for most or all of their feed requirements [15] . According to Santos [11] , resumption of ovarian activity in high producing dairy cows is determined by energy status of the animal. Thus, inadequate protein and energy intake during pregnancy or early lactation results in low Body Condition Score (BCS) at calving and a longer Calving Interval (CI) [17] .
Feeding management should be aimed at minimizing loss of body condition during the early postpartum period and incidence of metabolic disorders during early lactation which will increase the number of cows experiencing a first ovulation during the first 4 to 6 weeks postpartum [18, 19] . In high genetic merit cows, feed intake and energy balance begin decreasing pre-partum that results in mobilization of body fat as Non Esterified Fatty Acids (NEFA) into the blood [20] .
Success in dairying includes managing all phases of production cycle. A cow's nutrient requirements in early gestation are not much different from her maintenance requirements, but her needs increase as the fetus inside her grows and if a cow is lactating, she needs a much higher level of protein and energy than during pregnancy. There are main stages in the lactation cycle of the dairy cow: Early lactation (14-100 days); mid lactation (100 to 200 days) and late lactation (200-305 days). Based on this five distinct feeding phases can be defined to attain optimum production, reproduction and health of dairy cows [21] .
Early lactation: Early lactation comprising of the period 0 to 70 days post calving and it is time in which peak milk production occurs; feed intake is lagging and cows are usually losing weight (milk yield increases more rapidly than dry matter intake (peak production). The demand for energy is therefore higher than the amount of energy consumed. Thus, the cow mobilizes body reserves and losses weight (negative energy balance). The genetic potential is usually expressed during this period and the cow will be under pressure to produce a large amount of milk. However, the cow at this stage has a limited capacity to ingest the required amount of feed. Thus, it is normal for the cow to mobilize body fat during early lactation. The ability of the dairy cow to mobilize body fats contributed to its genetic potential (i.e., cows with higher genetic potential will mobilize body fats for a longer period of time than cows with a lower genetic potential). During this period, the cow could lose as much as 0.7 kg/day. According to Zurek, et al., [22] at least 80% of dairy cows experience NEB during early lactation and its magnitude and duration depend more on feed intake than milk yield [21] .
Peak Dry Matter Intake (DMI):
This period consists of the period between 70 to 140 days post calving and it is characterized by declining milk production; at the end of early lactation, peak dry matter will be achieve and no weight losses occurring [21] .
Mid-and late lactation:
This period falls within the period 140 to 305 days post calving and it is accompanied by a decline in milk production [21] Mid-lactation period is the period from day 100 to day 200 after calving. By the beginning of this phase, cows will have achieved peak production (8-10 weeks after calving). Peak dry matter intake has also occurred with no more weight losses ( Figure 1 ). Cows should reach J Dairy Res Tech ISSN: HDRT, Open Access Journal
maximum dry matter intake no later than 10 weeks after calving. At this point, cows should be eating at least 4% of their body weight. The cow should be fed a ration that will maintain peak production as long as possible. For every 2 kg of expected milk production, large-breed cows should eat at least one kg of dry matter. The main target during this period is to maintain peak milk productions as long as possible. For each extra kg of milk at peak production, the average cow will produce 200-225 kg more milk for the entire lactation. Thus, the key strategy during mid lactation is to maximize dry matter intake. During this period, the cow should be fed high quality forage (minimum 40 to 45% of the ration dry matter) and the level of effective fiber should be maintained at a level similar to that of early lactation. Concentrates should not exceed 2.3% of body weight and sources of non-forage fibers such as beet pulp, distiller's grains and cereal bran can replace part of the starch in the ration to maintain a healthy rumen environment. Protein requirements during mid lactation are lower than in early lactation. Therefore, rations for dairy cows in mid-lactation should contain 15-17% crude protein. During this period, the cow should be bred to initiate a new pregnancy (60-70 days after calving [21] .
Late lactation: This phase may begin 200 days after calving and end when the cow dries off. During this period, milk yield continues to decline and so does feed intake. However, the intake easily matches milk yield. The cow also gains weight during this period to replenish the adipose tissue lost during early lactation ( Figure 1 ). However, as lactation approaches an end, more of the increase in body weight is due to the increased size of the growing fetus [21] .
Transition or close-up period:
During the lactation cycle there is essentially one opportunity to establish the lactation and ensure good health and reproduction.
The transition period:
The transition period refers to the time between 60 days prior to and 60 days after calving; the most critical time within this period is the 21 days before and after calving. Correct feeding and management during the transition period has a profound effect on Dry Matter Intake (DMI). DMI is a major factor influencing both milk yield and body weight change in early lactation. Higher DMI earlier in lactation reduces the time that cows are in negative energy balance. Minimizing the duration and extent of a negative energy balance also has a positive impact on reproduction [23] . Figure 1 illustrates the shape and relationship of curves for phases of the lactation cycle with the corresponding changes in milk production, milk fat percentage, milk protein percentage, DMI and body weight.
When feed intake does not meet the increased dietary needs of milk production NEB occurs and most dairy cows are not able to meet the energy requirements for maintenance and milk production [24] . As a result of the imbalance between milk production curves and feed consumption, the cow should mobilize its body reserve in order to satisfy the energy requirements for high milk production. This determines the occurrence of NEB, i.e., the difference between the energy consumed in the feed and energy used for maintenance and production of milk is negative. It is evident that this situation is visualized by a loss of body weight ( Figure 1 ). In relation to this the possibility to reach peak milk production with in short period after calving will depend to a great extent on the body reserve of the cow at the time of calving which in turn depends on the feeding of the cow during the dry period [22] .
Energy balance-related factors affecting the resumption of ovarian activity in transition cows
Relationship during transition period: Energy balance, re-initiation of ovarian activity, and metabolic health status are inter-connected in transition cows ( Figure 2 ) [25, 26] .
In the female a complex hormonal interaction exists which is responsible for the maintenance of the normal ovarian cycle, adaptation of the reproductive structures to maintain and hold the embryo and fetus during the gestation period and the development and functioning of the mammary glands [8] . As its complexity, sometimes the occurrence of anomalies (abnormalities) related with reproduction starting from the time of fertilization to parturition and possibly following that should not be earth-shaking news. This may occur in the absence of any readily apparent change in management [27] . The period comprising the last 3 weeks of gestation and first 3 weeks of lactation is often referred to as the transition period, because the cow 'transits' from the dry period to lactation. During the transition period the final growth of the fetus and calving occur and milk production starts. In addition to increased demand to energy, nutrients and minerals the cow is also challenged by other stressors such as separation from her calf, immune challenges when the uterus is cleared [28, 29] , and most often also exposure to a new feeding regime and regrouping [30] . Thus, it is not surprising that there is an over-all increased risk of health disturbances during the transition period [31] .
During late pregnancy elevated plasma levels of steroid hormones (estradiol and progesterone) suppress the release of pituitary gonadotropins (Luteinizing Hormone (LH) and Follicle Stimulating Hormone (FSH)) and ovarian follicular activity. Following calving, steroids are reduced and increased secretion of FSH and LH pulses become re-established to stimulate development of large ovarian follicles and ovulatory ovarian cycles [2] . During the first three weeks of lactation, NEB delays early ovulation and recovery of postpartum reproductive function and provides the major nutritional link to low fertility in lactating dairy cows. When cows experience a period of NEB, greater concentrations of Growth Hormone (GH) and the blood concentrations of NEFA increase, at the same time that Insulin-Like Growth Factor-I (IGF-I), glucose and insulin are low [32] . These shifts in blood metabolites and hormones might compromise ovarian function and fertility. With the onset of lactation, the liver must support a heavy and rapidly increasing metabolic load for glucose production and fatty acid oxidation. Excessive mobilization of body reserves has been associated with postpartum fat infiltration of the liver and reduced reproductive performance in high yielding dairy cows [33] . The liver plays an important role as a site of NEFA metabolism and as the primary source of IGF-I that stimulates development of ovarian follicles. The functional activities of these various tissues are negatively influenced by NEB [2] .
Metabolic hormones and re-initiation of post partum ovarian activity: Regulation of cyclical activity is mainly under the control of the hypothalamic-pituitary-ovarian axis. At one end of this axis there is the influence of the extra hypothalamic areas-the cerebral cortex, thalamus and mid-brain and the role played by stimuli such as light, olfaction and touch whilst at the other end is the influence of the uterus upon the ovary [8] .
As described by Butler, et al., [26] by way of various metabolic factors, interactions and responses, NEB shifts the course of postpartum ovarian activity and strongly influences the resumption of ovulatory cycles as NEB acting through the combined metabolic signaling of low blood glucose and insulin concentrations along with elevated NEFA, β hydroxybutyrate (BHBA) and liver accumulation of triglycerides delays the increases in LH and FSH necessary for stimulation of ovarian follicles, estradiol production, and ovulation ( Figure 3 ) [6] .
Dairy cows with reduced concentrations of glucose in blood have reduced progesterone in plasma [34] . Low blood insulin concentrations are responsible for low IGF-I production from the liver [2, 35] which together reduce responsiveness of ovarian follicles to gonadotropins. Physiologically the metabolic and gonadotropin signals controlling early follicle development are interrelated: FSH stimulates granulosa cells in follicles to develop receptors for insulin, growth hormone and IGF-I; insulin and IGF-I then provide the hormonal stimulus for full development of preovulatory ovarian follicles [36] .
The degree of NEB alters whether LH pulse frequency during the first follicular wave is sufficient to stimulate high estradiol production for ovulation [37] . LH is a critical hormone which is required for re-establishment of ovarian activity, final growth and maturation of the ovulatory follicle, ovulation, and ovarian secretion of progesterone [25] .
Effect of prepartum diet differences in dry matter intake, metabolic hormone and energy on postpartum follicle (ovarian) outcome:
The main difference between ovulatory or non-ovulatory follicles is their capacity to produce large amounts of estradiol. Undernutrition inhibits estrous behavior by reducing responsiveness of the Central Nervous System (CNS) to estradiol by reducing the estrogen receptor α content in the brain [12] . As Butler, et al., [20] reported in a recent study, follicle development was monitored beginning one week postpartum for determination of ovulatory or non-ovulatory outcome and comparison, retrospectively, with differences in pre partum DMI, energy balance and metabolic hormone profiles. As early as three week pre-partum, the non-ovulatory low estradiol cows would have lower DMI, energy balance, and plasma concentrations of insulin and IGF-I. So, changes in DMI begin pre-partum and are the most important determinant of energy status. Decreasing DMI is associated with lower blood concentrations of the metabolic hormones, insulin and IGF-I [20] . It has also been reported that energy balance and DMI might affect plasma concentrations of progesterone [34] , which may interfere with follicle development and maintenance of pregnancy.
Body Condition Score (BCS) is one major cow factor related to a decrease in DMI during the close-up dry period. Over-conditioning (BCS > 4) reduces DMI [38] and increases the risk of metabolic disorders. It is well established that DMI on day 21 of lactation is directly related to DMI on the day before calving [39] . Energy intake appears to have the greatest impact on energy status of lactating dairy cows. Villa-Godoy, et al., [40] reported that variation in energy balance in postpartum Holstein cows was influenced most strongly by DMI and less by milk yield. Therefore, differences among cows in the severity of NEB are more related with how much energy they consume than with how much milk they produce. Moreover, Bell [18] also reported the severity of the NEB is more pronounced in primiparous cows, as they have energy requirements for their own growth in addition to the energy demands for foetal growth, mammary development and their first lactation. As reported by Nebel and McGilliard [7] , NEB was more severe for non-ovulatory cows. Severe NEB prevents a more effective immune response to microbial challenge after calving, prolonging the time required for uterine recovery and compromising subsequent fertility (Figure 4) [41, 42] .
Evaluation of body condition score as indicator of reproductive performances
The severity of postpartum NEB and the delay in the initiation of normal postpartum reproductive cyclicity is associated with body weight and body condition loss. The key goals necessary for profitability are to have cows in the right body condition for each stage of lactation and to minimize weight and body condition changes throughout lactation. Maximizing feed intake at all stages, but particularly during the transition period, will optimize production and reproduction. Attention to detail in feeding and management also minimizes metabolic disorders. The existence of such a relationship would make BCS a useful management tool for relating the reproductive performance of a herd to its nutrition status. The nutritional status or balance of an animal, evaluated through BCS, reflects the body reserves available for basic metabolism, growth, lactation and activity [44] . Body fat is indicative of the energy stored. To maintain health, reproductive function and productive capacity, females must have adequate amounts of body reserves, particularly dairy cows [45] . Evaluation of the BCS involves palpation of the back bones and lumbar processes, feeling their sharpness and covering with muscle and fat, scoring the animals on a scale of 1 (emaciated) to 5 points (obese) with quarters or half points in the middle. However, to make BCS more practical and for situations where it is not possible to palpate the animals, evaluation can be done visually [45, 46] . When cows have low body energy reserves they may have a greater probability of suffering from diseases, metabolic disorders, reproductive failure and reduction in milk yield and heifers are older at puberty. In dairy cows, an excessive (≥4.0 points, scale 1-5) or insufficient (<2.0 points) BCS at calving reduces subsequent fertility rates [45, 47] . Table 1 shows the optimal BCS at different times in the reproductive cycle of dairy cows.
As explained by Nebel and McGilliard in 1993 [7] , during early lactation, reproductive performance of dairy cows, particularly conception rate are negatively associated with the magnitude of the NEB Delayed ovulation and insemination provides some explanation for the observed low pregnancy rate; however, as loss of BCS becomes more extensive, the reduction in conception rate to AI becomes greater. Cows losing one unit or more BCS (5 point scale) during early lactation are at greatest risk for low fertility. As a guideline, conception rate decreases about 10% per 0.5 unit BCS loss [48, 19] . Extended calving to conception intervals were associated with low BCS by week +7 and greater peak milk yield [49] . Otto, et al., [50] reported that one BCS change in dairy cattle equals 25-60 kg change in live weight. Cows with more severe NEB lose more BCS during the first 30 days of lactation and experience longer intervals to first ovulation [51] which might negatively influence milk yield, whereas low producing dairy cows lose less BCS than high producing dairy cows [52] . Generally, the first postpartum ovulation in dairy cattle occurs 10 to 14 day after the nadir of NEB [2] . Severe weight and BCS losses caused by inadequate feeding or illnesses are associated with an ovulation and an estrus in dairy cattle. In fact, cows with low BCS at 65 days postpartum are more likely to be an ovular; which compromises reproductive performance at first postpartum insemination [53] . Table  2 gives summary of the effects of BCS losses in early lactation on conception rate in dairy cattle affected by NEB. Table 3 gives summary of the consequences of NEB and high metabolic rates on reproduction in dairy cattle.
Management Strategy of Negative Energy Balance
Reducing NEB is beneficial but very difficult to achieve in cows being managed for high milk yield. Current management strategies to prevent decreased fertility are exploiting the close relationship between negative energy balances in transition cows and subsequent decreased fertility. Maintaining energy intake through the pre-partum period to calving and increasing intake rapidly thereafter reduce NEB and the detrimental effects on coordinated ovarian and liver function [11] .
Increased energy intake to improve energy balance ( nutritional strategy)
Nutritional efforts to minimize the extent and duration of NEB may improve reproductive performance. Inadequate intake of nutrients and inadequate body reserves during early lactation are the major factors affecting reproductive performance of dairy cows. The first and most important factor that affects energy intake in dairy cows is feed availability [54] . Therefore, dairy cows should have continual access to a high quality, palatable diet to assure maximum DMI. Several nutritional management strategies have been proposed to increase energy intake during early lactation. Feeding high quality forages, increasing the concentrate to forage ratio, or adding supplemental fat to diets are some of the most common ways to improve energy intake in cows. Dairy cow diets are supplemented with fat primarily to increase energy density and to enhance milk production and reproduction [53] .
Insulin is important as a signal mediating the effects of acute changes in nutrient intake on reproductive parameters in dairy cattle. In early postpartum dairy cattle under NEB, reduced expression of hepatic growth hormone receptor 1A (GHR-1A) is thought to be responsible for the lower concentrations of IGF-I in plasma of cows [55] . Because IGF-I is an important hormonal signal that influences reproductive events such as stimulation of cell mitogenesis, hormonal production and embryo development, among other functions; increasing concentrations of IGF-I early postpartum are important for early resumption of cyclicity and establishment of pregnancy. Insulin mediates the expression of GHR-1A in dairy cows [2, 56] , which results in increased concentrations of IGF-I in plasma. Because IGF-I and insulin are important for reproduction in cattle, feeding diets that promote greater insulin concentrations should benefit fertility. Gong, et al., [57] fed to cows of low and high genetic merit isocaloric diets that differed in the ability to induce high or low insulin concentrations in plasma. The diets that induced high insulin reduced the interval to first postpartum ovulation and increased the proportion of cows ovulatingin the first 50 days postpartum. Re-initiation of postpartum ovarian activity is closely related to the feeding and management during the transition period and the metabolic and physiological changes that it implies ( Figure 5 ) [19] .
Decreasing the length of the dry period
Nutritional strategies to improve energy balance during the transition period and early lactation have included supplemental dietary fat and higher non-fiber carbohydrate, but neither approach has shown consistent benefits. An alternative strategy of shortening the dry period has been proposed as a means to improve energy status of dairy cows after calving through enhanced DMI or moderate decreases in milk energy output [59] . Acording to Grummer et al. [60] , reducing the dry period length from 55 to 34 days decreased days to first ovulation after calving, percentage of anovulatory cows and days to pregnancy. Reduction in days open was confirmed for older cows but not for second parity cows. Shortening the dry period, especially for older cows appears to be a successful strategy for improving reproductive efficiency. Source: Garcia-Garcia RM [58] . 
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Conclusion and Recommendations
Inadequate intake of energy and inadequate body reserves during early lactation are the major factors affecting reproductive performance of dairy cows. Metabolic changes in peri-parturient cows associated with onset of NEB appear most responsible for the coordinated detrimental effects on metabolic health and reproductive performance. NEB during early lactation is related to decreasing feed intake pre-partum and provides the major nutritional link to low fertility in lactating dairy cows. NEB delays early ovulation and recovery of postpartum reproductive function and exerts carryover effects that reduce fertility during the breeding period.
Based on the above conclusion, the following recommendations are forwarded:
• Perform good management practices, as management of DMI, nutrition and metabolic health of lactating cows for improved reproductive performance begins in the transition period and continues through early lactation • Avoiding any stress and balancing the feed intake
• Awareness creation and educating farmers about feeding during the pre and post-partum period, method of increasing palatability of available feed
• Farmers need to practice BCS for evaluating the nutritional management of the dairy cows as over-conditioning (BCS > 4) reduces DMI and increases the risk of metabolic disorders. Maintaining moderate BCS (~3) until calving is currently recommended
